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the standard deviation of the differ- 
ences was fo r  the Beckman ? 1.3 per 
cent over the entire range, and for 
the cuvette oximeter f 2 per cent over 
40 per cent saturation and t 3.5 per 
cent below 40 per cent. 

Tlic I'co:, and buffer base (BB) 
were calcnlntcd from the Singer and 
Hastings nomogram6' using the pH, 
the C 0 2  content, and the hematocrit. 
The term "buffer base" refers to  the 
total available buffer and includes 
both the bicarbonate (or  alkali re- 
serve), the protein, and the hemo- 
globin. In  the study of nietabolic 
acidosis, it is a more valnahle meas- 
urement than the bicarhonate alone. 

The recent work of Dawes and as- 
sociates,18 on the fetal c i ~ c ~ ~ l a t i o ~ i ,  in- 
dicates that the umbilical artery blood 
represents the blood going to the fetal 
tissues and not fetal ' venous blood. 
Contrary to  earlier studies by Bar- 
croft and his a~soc ia t e s '~~  2o and Hug- 
gett,*I the blood supplying the brain 
contains only slightly more oxygen 
than that in the umbilical artery (Fig. 
1 ).'? The morc awurate interrcln- 
tionship of the oxygen saturations i i i  

the rarious vcssels was olitainetl l y  
~ ~ i t h ~ r a w i n g  blood Sroni eight major 
vcssels simultancously rather  t h a n  us- 
ing discrete samples collected ovri- ii 

period of time. Since the cincangio- 
graphic cviclciice of I~incl and Wcgi'c- 
liusZ3 suggests that the fetal circula- 
tion in the human being wsciiiblt~s 
that in the latnh, the umbilical artery 
has been taken to represent the hlootl 
supplying the tissues of the infant a t  
the moment of clelivery. 

One minute after the coniplrtcb 1)ii.ttt 
of the infant. h(1 wils cvaluntrtl an(\ 
given a S ~ O I T . ' ~  Two points w ~ r c  

given for each of the following: color, 
respiration, muscular tone, nasal ir- 
ritability, and heart rate. All the in- 
fants with a score of 8, 9, or 10 arc  
vigorous and have breathed within 
seconds of delivery. In this group, 
scores less than 10 have reflected a 
lower score for color. The infants 
with a score of 4 or less are blue and 
limp and have failed to  establish res- 
piration by one minute. With in- 
creasing depression the last two vital 
signs, reflex irritability and heart 
beat, disappear, in that order. 

8.C.A 
s v c  

Fig. l.--l~iagram of the fetal circulation. 
The figures indicate the percentage oxygen 
saturation of blood withdrawn simultaneously 
from various vessels, and averaeed from de- 
terminations on 6 lambs. I.V.C., fnferlor 
vena cava:  S.V.C., superior vena cava ; D.V. ,  
ductus venosus : F.O.. forarrien ovale : D.A.. 
ductus arteriosus ; B.C.A.. brachiocephalic 
;irtr:r.y. (Flo7lL Chanws  in the IIeart and 
1,ungs at  Hirth, Cokl Spring Harbor Synl- 
ttost:~ on iJuttntitative Biology, Vol. X1X. 
1934.) 



The time required for the infant to 
establish spontaneous and continuous 
respirations is terrncd, " tinic to sus- 
tained respiration. " (T.S.R.) 

determine the biochcmical statu$ 
of thc depressed group, sainplcs from 
either the umbilical artery, the portal 
vein area in the liver, o r  from the 
right or left atria have hccn used. 
mis has been considcred justifiable 
for several reasons. In  many of these 

heart rate is slow and the 
e. The blood pressure has 
en measured a t  this time. 

the response of infants 2 to 
oldz5 and from that of new- 

and fetal lambsz6 to severe 
There- 

e, the cord circulation will be poor, 
ecially if there is compression. 

ently, the cord is collapsed and 
ess or the blood is present in 
tea sections between areas of 

I n  such cases, a 
he circulating blood from 

4he infant, either arterial or venous, 
2f obtained before the onset of respi- 
ration, will give a more reliable indi- 
cation of his condition. All the portal 
vein samples were obtained during 

scitation (artificial cspansion of 
nngs under positive prcssnre) 

the time the first spontaneous 
h was taken. Consequently, the 

level will be higher, the Pco? 
at  lower, and the pH higher 

n prior to the resuscitation. How- 
, the BB, which returns to nor- 
relatively slowly, may be es- 

ted to indicate more accuratcl?- 
sevcrity of the asphysia. 

ia, it is likcly to be low. 

lete occlusion. 

RESULTS 

biochemical analyses of the 
a1 cord blood of 101 b a b' ICS are 
d in Table I and Figs. 2 and 

3. Thc chta have been arraiip.d ac-  
cording to the  tylw of delivery (vilgi- 
na1 or section) and the A p g i i r  w o r ( ~  
of the infant a t  one minutct. 

Thew is a wide r;irtgy i t t  thc. o x j  gcxti 
lcvcls in h t l i  t h e  i ini l ) i l i (*al  t i r ~ f c r . ~  

ant1 vein blood and in thv 11-v diffcr- 
enw. A l l l  the infants cshihitctl SOIIIC:  

degree of ~ p h y ~ i i ~  with a lolr o.uyg?c~~i 
saturation and a high ('0: t(~nsion. 01' 
the 63 umbilical artery sainplcs, 26 
had an oxygen saturation hclow 10 
per cent and 7 had n o  rncasurahlc 
oxygen. Fourteen of thcw scvcrcly 
anoxic infants were not depressml 
(score 8 and 9) a n d  cried spontarrv- 
ously within seconds of de1ivci-y (1"ig. 
2 ) .  Four were in the intci~inctliato 
group (score 5 to 7)  and 8 wcrc in 
the depressed group (score 0 to 1). 
The highest umbilical artery oxygen 
saturation recorded was 51 per cent. 

The umbilical artery pH ranged 
from 7.00 to 7.35, with a mean of 7.26 
for the vigorous and 7.14 for thc de- 
pressed infants. The Pco, ranged 
from 39 t o  98 mm. I-Tg, with a iiieaii 
of 55 for the vigorous and 74 for the 
depressed infants. indicating a rcspir- 
atory acidosis. 

A depression of the 151: bclow tlic 
normal of 42 inEq./L. for pwgitatlt 
women (normal for adult irialcs 17  t ( J  

50) revealed the presence of a super 
imposed metabolic acidosis in a nuni- 
ber of instances (Fig. 3 ) .  

A comparison has beeu iiiadc be- 
tween the pH, and Pco?, and BB in 
either portal vein or  nml~ilical artery 
blood in the ilrprcssccl infant and um- 
bilical artery santples froin the vig- 
orous group (Table 11). Both the pII 
and BB are significantly lower while 
the Pcoz is significantly higher in the 
dcpresscd infants p < . O l .  The sc- 
vcre degrees of metabolic acidosis 
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61.7 7.28 

Aqicst lirsia 
7.37 59 
7.33 - 
7.28 - 
7.2.3 49 
- - 
- - 

7.31 - 
7.30 - 
- - 

7.46 - 

7.33 - 
7.46 - 
7.35 54 

- - 

V7nginnl Dclivery 
43 37 39 

- 
47 - 41 
4 i  42 41 

49 - 
32 - 47 
44.5 39.5 42.0 
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Cyclopropanc 
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Cyclopropane 
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Cyclopropane 
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TABLE I-CONT 'D 

OXYGEN 
SAT. 

PCO, HG BB BIEQ./L. AXESTHESIA AXD 
NO. I X A Y ]  S C O R E i z i  A pr V 1 A I Cesnvean V ITTI Section COMPLICATIOKS 

55 Ch 9 48 78 7.27 7.31 49 42 41 42 Cyclopropane 
56 Ru 9 49 85 7.30 7.35 52 48 45 46 Cyclopropane 

Average 48.3 81.5 7.28 7.33 50.5 44.9 43.2 43.9 

Inhalation Anesthesia Vnginnl Delivery 
57 To 8 9 29 7.28 7.33 46 40 41 42 N,O 

60 Va 9 - 45 - 7.33 - 50 I 46 N,O 
61 Camo 8 23 - 7.33 - 51 - 47 - N,O 

- - 58 Br 8 - 26 - - - - N,O 
59 Ha 8 18 30 7.20 7.26 - N*O 

62 Men* 9 44 - 7.40 - 39 - 46 N;O 
63 Pier 8 - 81 - 7.29 - - 47 N,O 

Average 23.5 42.2 7.30 7.30 45.3 45 44.6 45.0 

5-7 Regional Anesthesia Vaginal Delivery 
64 Dur 6 - 35 - 7.25 55 - 42 Pudendal 
65 Mil 7 33 56 7.36 7.45 39 32 42 44 Caudal 
66 DeJ  6 - 67 - 7.28 - 48 - - Caudal 
67 Ray 5 - 61 - 7.37 - 43 - - Caudal 

Average 33 52.2 7.36 7.33 39 44.5 42 43 

Cesarean Scetion 
68 Beau 7 4 31 7.21 7.33 67 45 41 43 Spinal 
69 Aiel 6 10 32 7.22 7.33 64 43 42 42 Spinal 
70 Beas 6 23 30 7.16 7.23 69 57 41 41 Spinal 
71 Ortiz 6 48 84 7.39 7.39 44 40 47 47 Spinal 
72 Ja 5 - 83 - - - - - - Sample before deliv- 

erY 
Average 21.2 52.0 7.24 7.32 61.0 46.2 42.7 43.2 

73 Gai 
i 4  Me1 
75 Gib 
76 Val 
I I  Riv 
i 8  Rei 
79 Ley 
80 Len 
SI Kel 

-- 

-~ 
.\vemge 

6 2  
7 9  
6 11 
7 19 
5 30 
7 -  
7 -  
5 -  
6 34 

17.5 

82 l'i 5 4  

83 Pa i 14 

84 (:on 4 0 
55 Sua 2 1 
86 Ru 1 i 
87 \Va 1 - 
A8 Fried 2 19 

0-4 

Inhalation Anesthesia 
40 7.21 7.24 69 
42 7.23 7.22 53 
48 7.22 7.29 92 
37 7.25 7.28 
47 7.23 7.26 67 
49 - 
54 - 7.36 - 
72 - 
73 7.27 7.32 - 
51.3 7.23 7.28 70.2 

Inhalation Anesthesia 
11 - 7.35 - 

24 7.23 7.23 56 
Regional -4 nestliesin 

9 7.01 7.i3 96 

31 - i .2X - 
34 7.18 7.25 57 

- - 

- - 

1 7  - 

- 7.08 - 78  

Vaginal Deliaery 
55 42 41 Cyclopropane 
46 38 37 Cyclopropane 
54 51 46 Cyclopropane 

56 44 44 Cyclopropane 

39 - 43 Cyclopropane 

- Cyclopropane 

- - Cyclopropane 

- - - Cyclopropane 
- - - Cyclopropanc 

- 

50.0 43.7 42.2 

Cesarrwn Section 
38 - 40 
Kagiiml Delivery 
54 43 43 
Vn(/ilrnl I h  lil.< ry 

- 
93 33 34 
- 35 - 

- 43 
46 37 39 

-- 
;J I 

Cyclopropanc 

N,O 

(:audal 
Saddle 
caudal 
Pudendal 
4t nucal cord with 

I':wial netwliiae; 
spinal - - 

A verage 6.7 20.2 7.09 7.18 78.0 65.3 33.0 38.6 

( ' ( s u i  i w t i  S ~ c l i o n  
89 I'rr 3 0 10 - - - - Spinal 
90 E n i  2 1 41 7.17 7.20 63 33 35 A8 ( ' (~r .~ l [ ) r~ l :~psc , t l i ru  
91 wound for  2 min. 

Mer 1 7 63 - - - 1,OIY~l : 1 1 1 ~ 1  Pentot@ - 
Average 2.6 38.0 7.17 i . 20  ti3 53 38 38 / 



ether 
501 Mer 3 - 56 - 7.26 - 50 - 41 Chloroform 

35 7.10 56.6 38.3 

derangement of pH and Pco2 
h were observed as a result of 

prolonged apnea are illnstrated in 
Table 111 and Fig. 4. Here the portal 
vein or atrial samples taken at the 
onset of respiration have bccii Coni- 

pared with the biochemical status of 
the cord blood when samplos could 
be obtained. In all instances, the bio- 
cheniical measuremeiits in the portal 
vein blood showed a greater degree of 
asphyxia. 

DISCUSSION 

se studies have revealed the 
iig degrees of asphyxia which 

during all forms of delivery. 
aiy to earlier reports,'? 4 1  an in- 

may make the initial respiratory 
with no measurable oxygen in 

rterial blood. I n  this sense, an- 
a, as measured by the oxygeii sat- 

011 of the umbilical artery's 
, correlates poorly with post- 
vigor. The significant differ- 

which has been d e n l o n s t r ~ t e ~  be- 

tween the vigorous and depressed in- 
fants lies in the pH, Pco2, and BB 
(Table 11). Previous studies have 
shown that these variables give a 
iiieasure of an asphyxial a 
brief period of asphyxia causing in 
the main a respiratory acidosis with 
a raised Yeo' and little change iii thc 
BB. This pattern of change may be 
seen in the vigorous infants (score 
8-10, Table I). If on the other hand, 
the asphyxia is prolonged, a marked 
reduction in the BB occurs (depressed 
infants score 0-4, Table I ) ,  indicating 
a metabolic acidosis which has be- 
come superimposed on the respira- 
tory acidosis. 

From this i t  is evident that the re- 
sponse of the infant t o  asphyxia is 
identical to  that of the adult.6-11 The 
rapid recovery after birthz9 also fol- 
lows the adult pattern. In  the vigor- 
ous infants the absence of a severe 
metabolic acidosis in the presence of 
a high Pco, indicates that the period 
of asphyxia has been quite brief. In 
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VIGOROUS INFANTS (SCORE 8-10) 
UMBILICAL ARTERY SAMPLES 

NUMBER 1 MEAX 1 S.D. i- DEPRESSED INFANTS (SCORE 0-4) 
TJMBILICAL ARTERY OR PORTAL VEIN 

KUMBEB I MEAN I S.U. p 

TABLE 111. BABIES SEVERELY DEPRESSED AT BIRTH 

CHANGES 1N PH, PCO,, AND BB 
WITH TIME 

% SAT- 1 1 1 
XAME 1 SCORE 1 SITE [ URATION I pH 1 PCO, 

I’l. ‘’ Unibilical 19.2 7.18 57.0 
_______ 

I‘C 

nt 3 
Ill in. 

Wa A 
Twins 

h 

I3 

CIl 

ar tery 

Portal 
vein 

limi)ifieal 
al.tcry 

vein 
por ta1  

Umbilical 
vein 

Portal  
vein 

Portal  
vein 

T’Cf t 
n t rium 

21.2 

8.0 

50.9 

41.9 

61.9 

55.9 

93.0 

6.98 

7.32 

i.10 

7.06 

6.91 

6.80 

6.74 

90.2 

77.0 

70.5 

69.5 

114.5 

39.9 

I BB I 
37.0 Hpinal anesthesia, cord tightly 

round neck; facial petechiae; 
T.S.R.,> 3 rnin., 35 see. 

30.5 P.V. sample 25 see. a f t e r  first 
spontaneous respiration 

Anesthesia cyclopropane ; thick 
meconium-stained mucus in 
pharynx 

37.8 T.S.R., 12 rnin.; P.V. sample 2 
min. a f te r  first spontaneous 
respiration 

33.2 Anesthesia. chloroform ; twins 
locked, 2 weeks premature; 
T.S.R., 25 min. 

21.1 P.V. sample 2 min. a f te r  first 
spontaneous respiration 

21.7 P.V. sample 1 min. after first 
spontaneous respiration 

lapsed cord; 110 1tearthe:tt nt 
hirth, cardiac massage 

Sample a f te r  25 min. of arti- 
firial ventilation when infant 
took first sriontaneous zasn 

< I 5 0  Emergency section for pro- 

‘T.S.R. = time from birth t o  sgonteneous respiration. 

light of this, earlier interyretations 
that the fetus is normally adjusted to 
these high tensions of carbon dioside2’ 
can no longer be accepted. 

The high scorc group of infants, 
those who wcrc wcll oxygenated. had 
little o r  no deprcsion of the BB. 
Wlicre the osygc’ii satu ratioii was 10 
per cent or less i n  this gtxtup, in all 
hit one case the lH3 valnr was slightly 
Below the avcragv for thc group but 
well above the average for thc de- 
pressed infants. ‘l’hc low 131% values 

occasionally seen in this group were 
associated in most instances with a 
second stagc of labor of 2 hours or 
more or slowing and irregularity of 
the fetal heart during the first stage 
of labor. This i~nc l~~~ ib ted ly  reflects 
anoxia during labor which is sufficient 
to disturb inetn1)olisni but not enough 
to depress the in €ant significantly. 

Several factors probiibly contribute 
to the asphyxia which appearus to oc- 
cur as a norinal p ~ ~ i ~ ( ~ I ~ ~ e n o ~ ~  in al- 
most every delivery. 
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*le 02 SATURATION 19 21 

Boby Fr 

UA 

\ p v  

- 
14 MIN 
8 51 

F e  

u v  uv 

PV 
m 
4 - - 

13 MIN 
? 56 

27 MIN 
7 62 

Wo A Wo B 

LA 

95 
C h  

The values for CIi represent jiurc metabolic acidosis rtmaining after 2 5  minutes uf i'e- 
SUUsCltation. The oxJ-gcn saturation in tlir: L\ \ v ~ s  9 9  per cent. 

tho uinbilical ciii \I ill reimiii 1111- 

dmged30 or may even be raised, siiitc 
the fetal blood will. reiiiairi in contact 
Gith the Flood in the inten-iilous space 
#or a longer period ; hut w i t ~ i  reduction 
'ia fioir;, t~iis ~ t ~ o o t t  does not riwli t ~ i c  

circulation. The i d n c t  ion i i i  

earl be caustd by kinking, pro- 
, pi'essm'c between tlic fct lis and 

m of the pelvis or vagina, or 
the cord is moutid tightly round 
ck. Clemetson and Chiirelintan?' 

ve shown the large difference in sat- 
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the obstruction to  the inferior vena 
cava is more complete, sufficient to 
cause hypotension in thc mother,33 an 
even greater reduction in flow will 
occiir. This factor must be consid- 
ered in cesarean section during which 
tlic mother may be flat on her back for 
15 or 20 minutes before the bab\- is 
delivered. It is probable that the oc- 
casional very low oxygen value ob- 
tained in both cord vessels a t  cesarean 
section imder local anesthesia is caused 
partly by this obstruction effect3* 
(Table I). 

b. Hypotension 2oith spistal a q ~ e s t ~ ~ e -  
s k  or ~ i a t e ~ n a l  h e q ~ t o ~ ~ ~ a ~ e  : Hypoten- 
sion not infrequently produced by 
spinal anesthesia will reduce the pres- 
sure gradient and the uterine flow. 
Fetal distress revealed by excessive 
movements or slowing of the fetal heart 
occurs under such conditions. Whether 
because of hypotension, increased 
uterine tonus, or some other factor as 
yet undetermined, the oxygen satura- 
tion in lambs delivered under spinal 
anesthesia is uniformly lower than in 
those delivered under pen t~ba rh i t a l .~~  
I l d e r s o l l  reports a similar finding in 
Iiruiian lwings in comparing spinal and 
i t i l i~i l~t ioi~ Hypotension 
i is a result of hcniorrhage is likely to 
have an even more profound effect on 
reducing thc uterine flow. 

c. Z'lerine c ~ n ~ r a c t i o n :  Cddeyro- 
Barcia" hiis shown that with a strong 
nterine contraction, blood flow through 
tliv ntilt*iis iiiigl placenta is cwnplctely 

Utrrinc 1 cin saniplcs withilra\\n a 
short timc bcforc ddivcry o f  the fctns 
1ry ('('sareiill stv%ion38  how, i t 1  most in- 
xt iiltCes, a, higher osy%:c~~ snturat ion 
t i i t i n  doc's untbilictil v ( i n  blood oh- 
tiiincct iiftcr drlivcry from i i  clam1)ccl 

iirvestetl. 

segment of cord. This is contrary to  
the figures which Barrori and Mes- 
~ h i r t " ~  give in studies on the placental 
exchange of respiratory gases in thc 
sheep and rabbit, and suggest that in 
the few minutes between the sampling 
from the uterine vein and delivery of 
the infant a reduction in oxygen trans- 
fer has occurred. Changes in the 
uterine circulation with manipulation, 
incision, and the immediate contrae- 
tion which occurs as the amniotic flnid 
gushes out could account for this dif- 
ference. 

d. Pwtial  separation of the pla- 
ceizta: 

This will reduce the effective area 
of diffusion and will lead to 8 lower 
osygenation of the fetns. 

T ~ e ~ u c t i o n  ht the Maternal Exchange 
of Respiratory Gases.- 

a. Breath holding and s t~aining:  
Both of these occur during vaginal de- 
livery, when anesthesia is not given or: 
is minimal, and may result in a si& 
nificant lowering of the. maternal arte-. 
rial oxygen saturation. 

b. I?~haZ~t ion  anesthesia: The ef- 
fect of inhalation anesthesia upon 
fetal oxygenation varies as mncli with: 
the agent being nscd as with the clinicz 
rcporting the study. Good and poor 
results haye heen claimed for all agents. 
Because of a varicty of tcchniques and 
the many additional factors noted 
a h o v ~ ,  it is difficult to determine the ef- 
fect of the agent itself. I Io t \ cv t~ ,  if the 
niotlier hits any iiii*w:i;v ol)htI*nction 
(liiring atic*stlicsia, hcr CO, elitiiination 
and osygiw npt;iIw \ \ i l l  I)c itiipaired.. 
This i1ffec.i wil l  I)c rc4cvtctl i t i  tlrc fetus. 
i 1' t1vliwi.y is prolongctl. 

It Itas I~et.11 assunicd 1)y soiiic i inthod 
1 I i i i t  s;irn~)lcs oI)tiiin(d t i t  w s a i w n  SN- 
t ion iindor rcgiowil t i i i t~st l ic~si i t  riip'ed 
sent norinal in ntcro concjit ions in the 



-_ 
16 50 15 15 
30 63 1 1 

Urnitit42 16 51 97 40 
Clemetson &- 

~ h u r e l ~ m a n ~ '  31 63 IO 12 
Walker41 20 48 9 10 
Rooth 6G 

Rjostedtyr 32 61 69 98 
Present authors '72 49 43 XI -- 

___ -- ( S ~ P  ~ a h i e  r ) ~ _ - _ _ _ _  

of tlic fctus at clc~lirci..\-. While con1 
coinpression u ill  incrcaw tlic difference 
in saturation I)ct\\-ecn t h e  u m h i l i c d  
artery arid vein, all  tlic other factors 
will teiid to lower the o 
hoth vcssels sincc they intcrfcrc with 
the exchange betivccn mother anti 
fetus. l;'iidoubtcdly, this aerorrnts for  
the lo\\ arerage but tlie \cry \i-ide 
range in published figures (10 to 60 
Per cent saturation in the umbilical 
artery and 10 to 84 per cent sat~~rat ioi i  

[Table IV] ).  The highest human fig- 
ures reported are almost identical with 
the nornial value d t i eh  Dawes and as- 
80ciatesY5 and Barron and M e ~ c h i a ~ ~  
observed for lambs. These high values, 
mthw than the arcrage, probably give 

in the umbilical yein3-3, 2 %  31, 34 ,  4 0 - 4 7  

- --____ 
6-27 38-58 f'agiiial vertex 

Caesarean section 

T-agiiial vertex 
2-50 35-84 Spontaneous vaginal vertex 
1-28 13-60 Spontaneous raginal vertex 

2-48 16-81 

0 62 
0-32 

9-83 Spontaneous vaginal vertes 
9-35 Cesarean scction and raginal 

re i te \ ;  all vigorow at hirth 
__I___ 

tion i n  thc niatc~i*iia-fctal oxygen tcn- 
\ion gradicnt \i licn the  infant provet1 
to be in  poor condition a t  hktti. Thci 
itiatertial samples were taken just 
prior to  del i \~ry .  I V M e  the range of 
os?-gen tension in the intervilloiis sam- 
plc was wide in the normal group (72 
to 26 nim. Hg), in all bnt three in- 
stances, the individual tensions were 
considerably below a value which 
~rould be coml>atible with an rimbilical 
vein oxygen saturation of 80 per cent. 
Such findings indicate that, when the 
head is on the perineum prior to dc- 
liwry, tlie virions maternal factors 
tending to lower the fetal oxygenation 
may already be in action. 

Table I11 and Fig. 4, showing thc  
~lifferen~es betmen the cord hlood 
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samples and those obtained from the 
portal vein, indicate that anoxia causes 
rapid changes in the pH, Pco,, and 
BB. The speed of change as recorded 
here may be misleading since there 
was severe cord compression in one 
infant and one umbilical vein sample 
has been compared to the two portal 
vein samples in the case of the twins. 
However, the rapidity of these 
changes is well documented in stud- 
ies on both dogs8F s and adult man.5o 
?Vhere the residual air in the lungs 
has not been washed out with oxygen, 
the saturation falls to zero in 3 min- 
utes (dogs) and to 28 per cent in 2 
minutes (adult man). 

The results of the present study 
emphasize the need for obtaining a 
sample from within the depressed in- 
fant if the limits of respiratory and 
metabolic acidosis are to be revealed. 
It is quite possible that these lerels 
may be dangerous enough to  cause 
irreversible cellular damage in the 
newborn human. If they occur as 
rapidly as this study suggests and are 
dangerous, the need for  the greatest 
dispatch in resuscitating ait infant 
with no oxygen reserves is apparent. 

ilsphysia in Relation t o  the Omet of 
~~espi~u~~on.- 

In vitro and in vivo studies demon- 
strate that the brain is depressed hy 
oxygen lack,j'> 52 even slight lowering 
of the osygen tension depressing the 
rrspiratory However, through 
the action of the chemorcccptors 
which are stimulated by anoxia and 
continue to function when the oxy- 
gen tension has fallen to  zero,s this 
depression may ttc almost completely 
itiasketl. Under severe anoxia, breath- 
iiig takes the form of gasps in which 

the accessory muscles play a niajoq 
role. The first gasps of the newborq 
infant are of this type but are sooa 
replaced by quiet and relatively regu. 
lar diaphragmatic and intercosta1 
breathing following the rapid expan4 
sion of the lungs and oxygenation 
which normally occur within minutes, 
of de l i~e ry .~*-"~  Although Miller an&; 
Behrle5' have suggested that  the: 
chemoreceptor response is poor in the 
first 24 hours of life, the occurrence 
of vigorous first breaths under ex- 
treme anoxia provides indirect evi- 
dence that the chemoreceptors are in- 
deed functioning actively a t  birth. It 
is possible that they may be function- 
ing at  a higher threshold which was 
not reached during the induced hy-- 
poxia studies of Miller. The direct 
recording of action potentials from 
the proxinially sevei*ed sinus nerve in 
ne~vborn and fetal animals by Cross 
and blalcolm5* is further evidence ofd 
activity. 

As in the adult, the respiratory cen- 
ter of the infant is acutely sensitive 
to carbon dioxide39, 6o and is probablg 
stimulated both directlys1 and indi- 
reetlp when the Pcoz rises. The 
high Pcoi shown in most vigorous 
newborns is likely to  play a major 
role in the first gasp if the anoxia is 
not severe. Finally the low pI-1, aet- 
ing through the and 
the flood of sensory impulses crowding 
in from the skin, the muscles and the 
jointsG2 cloubtlcss constitute important 
stimuli of the first breaths. These will 
be augmented by stimuli fmm the rap. 
idly adapting stretch i.cccptors in the 
alveoliG8 as the lungs expand. 

With progressively severe asphyxia, 
a point is rcnehetl whrn thr  respira- 
tory ccntcr is finally so tlepressetl that 
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